Abstract. Previous work indicated that the light chains of a monotypic immunoglobulins G2-K and M-K from a single patient (Til) are identical. Our present data show that the monotypic immunoglobulins G and M share idiotypic determinants not present in their isolated light chains or in any of a large number of other immunoglobulins tested, and that amino acid sequences of the first 27 residues from the NH2-terminal end of the ay-and u-chains are identical. These results support the hypothesis that at least two genes control the synthesis of each heavy and light chain and suggest that the monotypic immunoglobulin G and monotypic immunoglobulin M of this patient share three of the four genes involved. It is proposed that, during normal immunoglobulin synthesis, different cells of a single clone synthesize immunoglobulins lvi and G, and that the light chains and the variable segments of the heavy chains of the proteins of the two classes are identical within the clone. A genetic switching mechanism is suggested.
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A patient (Til) with multiple myeloma, having two serum paraproteins (IgG2-K and IgM-K), was recently investigated by Wang et al. 1 The light chains of the two monotypic proteins appeared identical by the following criteria: amino acid composition, peptide maps, electrophoretic mobility in starch gel containing urea at pH 3 and pH 8, optical rotary dispersion, and circular dichroism measurements. We have now compared these two monotypic proteins in terms of "idiotypic"2 antigefic determinants (i.e., determinants specific for a given myeloma protein') and amino-terminal amino acid sequences.
Materials and Methods. The monotypic IgG and IgM used for sequence analysis were isolated as previously described.' For ase in immunization the IgG was isolated by precipitation with sodium sulfate, passage through DEAE-cellulose in 0.04 1 phosphate, pH 6.9, and further fractionation in an NaCl concentration gradient on carboxymethyl cellulose, pH 6.7. IgM was eluted from the DEAE-cellulose with 0.04 M phosphate containing 0.5 M NaCl and further purified by gel filtration on Sephadex G-200. The proteins were characterized by immunoelectrophoresis and by their capacity to react specifically in agar gel with monospecific antisera to pooled IgG or IgM. The sedimentation coefficients (S2o,,) of the isolated IgG and IgM weie 6.6 and 15.1, respectively, at a concentration of approximately 7 mg/ml.
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Antisera against Til IgG and Til IgM were prepared in rabbits by inoculations of 3-5 ing of either protein in complete Freund's adjuvant, followed by periodic intravenous ilioculations. Antisera of high titer from individual rabbits were p)ooled separately and absorbed sequentially with nllo)specific huinati IgGT, alI( IgAM by l)recil)itation at equivalencie; excess antigen was then added to the suJ)ernatant. The absorbed antisera will be designated anti-G(abs) anld anti-M(abs). F(ab')2 fragments were prepared from moInotypic Til IgG by treatment with 2% bv weight of pepsin at l)H 4.3,4 followed by gel filtration. Fab fragments were prepared from Til IgM by the method of Goodman and Inman.5 Fab fragments of Til IgG were made by digestion with papain6 for 4 hr at pH 7; then were purified by passage through DEAEcellulose in 0.01 41 Table 1 ), to be tested as inhibitors, were mixed with the labeled fragments prior to addition of anti-G(abs) or anti-M(abs). Controls were run with rabbit antiovalbumin serum replacing the anti-G or anti-M; less than 1.5% of the 1251 was precipitated in each case. Heavy and light chains were isolated from IgG or IgM by the method of Fleischman et al. 8 Recombination of heavy and light chains was performed as described elsewhere,9 utilizing approximately a 1.5 to 1 molar ratio of light and heavy chains.
NH2-terminal residues of heavy chains were determined by the cyanate procedure of Stark.'0 11 Amino acid sequences were determined by the automatic Edman degradation procedure,'2 using a Beckman peptide sequencer. After each cycle of degradation, the cleaved residue was analyzed by gas chromatography," amino acid analysis, thin-layer chromatography,'4 or a combination of two methods.
Results. Analyses of specificity were first performed by double diffusion in agar gel (Ouchterlony method). The anti-G(abs) gave a single line against Til serum which showed identity with both Til IgG and Til IgM. The anti-AM(abs) gave two lines with Til serum; both antigenic components were present in the IgM but only one in the IgG. The anti-G(abs) failed to form any lines with a large variety of other sera tested (listed in Table 1 ). In several instances faint lines were obtained with the anti-M\I(abs) reacting with sera having elevated IgM\1 concentrations. These must represent weak cross-reactions or unrelated reactions, since these sera failed to react with anti-G(abs) or anti-M(abs) in the quantitative tests described below.
By the indirect precipitation method an excess (5 Al) of the anti-G(abs) or anti-1VI(abs) reacted with 91-93% of the '251-(Fab')2 fragments (0.5 MAg) of the Til IgG, and with 80 and 85%, respectively, of the '25I-Fab fragments of Til IgMi. Table 1 shows the effects of various unlabeled competitors on the binding of 0.5 ,g of 125I-F(ab')2 fragments of IgG by anti-G(abs) or anti-AMI(abs). In each system, 100 ug of Til IgG displaced essentially all of the labeled reference fragments; the same weight of Til IgM displaced 79% from anti-G(abs) and 90% The NH2-terminal sequences of Til IgM\I and Til IgG heavy chains, as determined with a Beckman peptide sequencer, are shown in Figure 1 . The first 27 amino acid residues are identical in the two proteins. (M\lore extensive structural studies will be performed in collaboration with Dr. William Dreyer.) Preliminary sequence data indicate that the Til IgG light chain and Til Igi\L light chain are identical up to the first 20 residues from their NH2-terminal ends. 15 Discussion. The results on shared idiotypic determinants and identity of amino acid sequence of the first 27 residues at the NH,-terminus of the Til -y-and M-chains strongly suggest that most * Glu-Val-Gln-Leu-Leu-Glu-Ser-Gly-Gly-Gly-Leu-Val-Gln-Pro-Gly-Gly-Ser-Leu-Arg-Leu-Ser-25
Cys-Ala-Ala-Ser-Gly-Phe- * There is a possibility that residue 17 is threonine rather than serine in both Til IgG and IgM.
On the basis of these results, and those of other investigators described below, we propose that the observations made with the serum of patient Til reflect the events occurring during normal immunoglobulin synthesis; i.e., that different cells of a single normal clone synthesize IgG and IgM and that the light chains and the variable segments of the heavy chains of the two classes are identical within the clone. A corollary is that the active combining sites of the IgG and IgMI produced within a clone may be identical. Evidence supporting this hypothesis may be summarized as follows.
That two genes may contribute to the synthesis of a single polypeptide chain in a normal immunoglobulin was proposed by Dreyer and Bennett22 to account for the variable and invariant regions of the light chain.2" They suggested the presence of multiple germ-line genes controlling the VL regions, a single gene for the CL (constant or invariant) region of a light chain, and the fusion of the CL gene with one of the VL genes at the DNA level. The concept that two genes control a single polypeptide chain was supported by Milstein 
